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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Are the manufacture method of a thin semiconductor material film, and, in the case of quality of a single 
crystal, a semiconductor material is substantially [ the field / as. the main crystal faces ] parallel completely. A 
semiconductor material wafer with which the field inclines slightly to the main crystal faces of the same characteristic to 
all particles when a material is polycrystal The following three phases : Produce a layer of minute air bubbles which 
limit a lower part area which constitutes bulk of a substrate, and an upper part area which constitutes a thin film to 
capacity circles of said wafer in the capacity section of said wafer of the depth near the average penetration depth of ion. 
It is the 1 st step of impregnation by bombardment to a field of said wafer performed with ion, and ion is chosen from 
hydrogen gas ion or rare gas ion. Wafer temperature under impregnation The 1st step where gas generated by 
impregnation ion is maintained lower than temperature which may be emitted from a semiconductor by diffusion, While 
it was higher than a stiffener which consists of at least one rigid material layer, the 2nd step to which it is made to stick, 
and temperature at which ion bombardment is carried out and said stiffener and flat surface of said wafer had stuck a flat 
surface of said wafer all over this phase A method characterized by including processing in the 3rd step which heat- 
treats an assembly of said wafer and said stiffener at temperature suitable for making a thin film and bulk of a substrate 
separate according to a rearrangement operation of a crystal in a wafer, and the pressure operation in minute air bubbles. 

[Claim 2] A manufacture method of a thin film according to claim 1 characterized by carrying out an impregnation 
phase of ion into a semiconductor material through a class which may be crossed with ion, and one or more material 
layers of thickness. 

[Claim 3] A manufacture method of a thin film according to claim 1 characterized by a semiconductor having IV 
group's covalent bond. 

[Claim 4] A manufacture method of a thin film given in any 1 term of claims 1-3 which a semiconductor is silicon, 
impregnation ion is hydrogen gas ion, and temperature of impregnation gas is 20-450 degrees C, and are characterized 
by temperature of the 3rd heat treatment phase exceeding 500 degrees C. 

[Claim 5] A manufacture method of a thin film according to claim 2 characterized by being the silicon wafer with which 
impregnation was carried out through an enclosure high-temperature-oxidation silicon layer and, by which a stiffener 
was covered in at least one silicon oxide layer. 

[Claim 6] A manufacture method of a thin film according to claim 1 characterized by carrying out the 2nd step to which 
a flat surface of said wafer is stuck with a stiffener by applying electrostatic stress. 

[Claim 7] A manufacture method of a thin film according to claim 1 that a stiffener is characterized by adhering by one 
or more methods chosen from groups which it becomes from chemical vacuum deposition supported by arbitration with 
evaporation, plasma, or a photon, or atomization. 

[Claim 8] A manufacture method of a thin film according to claim 1 characterized by combining a stiffener with said 
wafer with adhesive matter. 

[Claim 9] A manufacture method of a thin film according to claim 1 characterized by being made to adhere to a wafer 
by processing whose stiffener promotes an interatomic bond. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a thin semiconductor material film and the desirable manufacture 

method applicable to manufacture of the nature film of a single crystal. 

[0002] 

[Description of the Prior Art] Although there are various methods in manufacture of the nature semiconductor film of a 
single crystal, while manufacture of a polycrystal material film or an amorphous-materials film is comparatively easy, 
since it is far difficult, operation of these methods often has complicated manufacture of the nature film of a single 
crystal, and it is known that costs will start. 

[0003] The method currently used for manufacture of the so-called "silicon-on-insulator" substrate is in the method 

currently used for manufacture of the nature film of a single crystal. The object of this method is manufacturing the 

nature silicon film of a single crystal located on the substrate electrically insulated from the film. 

[0004] the crystal growth hetero epitaxy method — a nature substrate of single crystal of other molds with lattice 

parameter near parameter of silicon, for example, silicon on sapphire, (aluminum 203), and calcium-fluoride substrate 

(CaF2) top — for example, the silicon crystal of a thin film can be grown up. . (see the reference 5). 

[0005] In order to prepare the silicon oxide layer which separates the nature silicon film of a single crystal from the bulk 

of a substrate in silicon capacity circles, impregnation of ion with much oxygen dosage into a silicon substrate is being 

used for the SIMOX method (this name is used by reference). (Reference 1 reference) . 

[0006] The principle of chemical or flake-izing (thinning) of the wafer by mechanochemical wear is being used for 
other methods. The method which stored a success most by this category is using the principle of a dirty stop further. By 
this method, shortly after required thickness is reached, flake-ization of a wafer can be stopped, and it can do in this 
way, and uniform thickness can be secured. This method performs p mold doping to a rear-spring-supporter n mold 
substrate to the whole thickness of the film with which it asks for manufacture, and subsequently, it is activity and 
becomes n mold silicon from carrying out chemical etching of the substrate to p type silicon by the inactive chemistry 
bath (see the reference 2 and 3). 

[0007] The main uses of the nature semiconductor film of a single crystal are the insulating material top silicon substrate 

for manufacture of the integrated circuit which has an X-ray-lithography mask, a sensor, a solar battery, and two or 

more barrier layers, an independence silicon film, or an independence carbonization silicon film. 

[0008] The thin various manufacture methods of the nature film of a single crystal have a defect about a manufacture 

procedure. 

[0009] The hetero epitaxy method is restricted by the class of substrate. Since the lattice parameter of a substrate is not 
the same to the parameter and precision of a semiconductor, a film has a defect on much crystals. Furthermore, these 
substrates are expensive, and are weak, and exist only with the limited size. 

[0010] The SIMOX method needs an ion implantation with dramatically much dosage, and this impregnation requires a 
very heavy and complicated impregnation machine. Probably, it will be difficult to restrict the output of such a machine 
and to increase an output remarkably. 

[001 1] A flake-ized method is not competitive from a viewpoint of homogeneity and quality except for the case where 
the principle of a dirty stop is used. A method becomes complicated by installation of this dirty stop, and the activity of 
a film may be restricted to an unfortunate thing depending on the case. 

[0012] Therefore, if a dirty stop is carried out by p mold doping to n mold substrate, the electron device of the 
arbitration manufactured within a film is fitted to p mold property of a film, and if it is ♦***, there will be. [ no ] 
[0013] 
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[Problem(s) to be Solved by the Invention] It is related with the manufacture method of the thin semiconductor material 
film which enables manufacture of the film which has the thickness which this invention could conquer the defect which 
mentioned above the initial substrate with which the class differed from the semiconductor chosen, and very many 
impregnation dosage, without also needing a dirty stop, and was still more homogeneous, and was adjusted. 
[0014] 

[Means for Solving the Problem] In the case of quality of a single crystal, this thin manufacture method of a film has a 
substantially [ that field / as the main crystal faces ] parallel completely semiconductor material. A semiconductor 
material wafer with which the field inclines slightly to the main crystal faces of the same characteristic to all particles 
when a material is polycrystal The following three phases : Produce the layer 3 of minute air bubbles which limit the 
lower part area 6 which constitutes bulk of a substrate, and the upper part area 5 which constitutes a thin film to capacity 
circles of said wafer in the capacity section of said wafer of the depth near the average penetration depth of ion. It is the 
1st step of impregnation by the bombardment 2 to the field 4 of said wafer 1 performed with ion. Ion is chosen from 
hydrogen gas ion or rare gas ion. Wafer temperature under impregnation The 1st step where gas generated by 
impregnation ion is maintained lower than temperature which may be emitted from a semiconductor by diffusion, The 
2nd step to which the flat surface 4 of said wafer is stuck with the stiffener 7 which consists of at least one rigid material 
layer, Being higher than temperature at which ion bombardment 2 is carried out, and sticking said stiffener and flat 
surface of said wafer all over this phase It is characterized by including processing in the 3rd step which heat-treats an 
assembly of said wafer 1 and said stiffener 7 at temperature suitable for making the thin film 5 and bulk of a substrate 6 
separate according to a rearrangement operation of a crystal in a wafer 1, and the pressure operation in minute air 
bubbles. 

[0015] therefore, this invention has the parallel main crystal faces (this side — all semiconductor particles - receiving - 
the same characteristic — for example, (1,0, 0), it has) in a semiconductor side substantially [ all particles that constitute 
a grid ] — if it becomes, it will be applied also to a polycrystal semiconductor material. ZMRSOI (ZMR= band-melting- 
recrystallization) may be mentioned about a semiconductor material (see the reference 4). A term called an 
impregnation phase means 1 time of an impregnation phase, and continuation of impregnation with different dosage, 
different energy, and/or different ion. 

[0016] It is advantageous to carry out an ion implantation into a semiconductor material through one or more material 
layers as a modification of this invention method, and it obtains. Ion penetrates this material layer, and a ** "enclosure 
(encapsulating)" layer is chosen so that it may advance into a semiconductor. For example, an enclosure layer may be 
used also as a means to adjust a physicochemical condition of a semiconductor side also as a means to protect a 
semiconductor from contamination which may be considered also as a means to suppress penetration of ion into a 
semiconductor, in order to manufacture a thinner film. When a substrate which constitutes a wafer is manufactured from 
silicon, it is advantageous to consist of high-temperature-oxidation silicon, and to choose an enclosure layer whose 
thickness is 25-500nm, and it obtains, or [ that these enclosure layers may be held after an impregnation phase ] — or it 
may be removed. 

[0017] In this invention, it is maintained lower than critical temperature which gas generated by impregnation ion 
diffuses temperature quickly as a result by always adjusting during an activity temperature of a wafer with which an ion 
implantation is carried out, and is emitted from a semiconductor. For example, in the case of hydrogen impregnation to 
silicon, this critical temperature is about 500 degrees C. If this temperature is exceeded, since minute air bubbles will 
not be formed, an effect of this method is lost. In the case of silicon, impregnation temperature of 20-450 degrees C is 
desirable. 

[0018] All over 3rd step called heat treatment of a wafer stiffener assembly, a rearrangement of a crystal which was 
generated by ion implantation and which continues disorderly arises. A film and a substrate are separated by a 
rearrangement of a crystal both produced by the 3rd-step heat treatment, and condensation of air bubbles which produce 
macroscopic air bubbles. Under an operation of gas pressure force in these air bubbles, a semiconductor side receives 
high stress. If to avoid generation of a blister condition equivalent to macro air bubbles formed [ which were formed and 
were front- face-transformed ] is wished, it is important to compensate such stress. Therefore, before macroscopic air 
bubbles reach the last growth step and condense a blister condition mutually, it can become in pieces small. Therefore, 
if it asks for manufacture of a continuous semiconductor film, it is required to compensate stress produced all over a 
heat treatment phase. If based on this invention, this compensation will be performed by sticking a semiconductor wafer 
side and a stiffener. A function of a stiffener is that stress generated by macroscopic air bubbles is compensated by 
contact and its mechanical characteristic with a wafer side. Therefore, a semiconductor film may not always be spoiled 
[ flat and ] among a heat treatment phase until it **** eventually. 

[0019] If this invention is based, selection of a manufacture method of a stiffener and a class of stiffener will be decided 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2/23/2004 



Page 3 of 4 



by each application a film is considered to be. For example, if a use meant is manufacture of an insulating material top 
silicon substrate, as for a stiffener, it will be advantageous to consist of a silicon wafer covered with at least one 
dielectric layer like an oxide layer or a nitride layer, and it will be obtained. An oxide of a stiffener is stuck from it with 
a wafer with which a film should be manufactured, and a wafer has for example, a silicon oxide enclosure layer in 
arbitration. 

[0020] If thickness chosen about a stiffener is suitable (i.e., if several micrometers - dozens of micrometers become), it 
may be combined with a wafer by method like chemical vacuum deposition which may be supported by arbitration with 
evaporation, atomization, plasma, or a photon, or a stiffener may be manufactured on a wafer. 
[0021] A term called adhesion means contact acquired by pressing a stiffener on a wafer by electrostatic stress and/or 
adhesion contact. 

[0022] Therefore, a stiffener of this invention may be combined with a semiconductor wafer by manufacturing 
previously at least one of the front faces which should be combined, and carrying out heat treatment and/or electrostatic 
processing accompanied by selection of a pressure to arbitration, in order to help an interatomic bond of a stiffener and a 
semiconductor wafer, when adhesive matter is used for both a stiffener and a wafer or it does not ask for an activity of 
adhesive matter further. A wafer may adhere to a stiffener also by electrostatic stress. 

[0023] About application about manufacture of self-supported film, it is appropriate to choose a class of stiffener so that 
a stiffener can be separated from a film simply and selectively. By reference, in order to manufacture a nature silicon 
film of a single crystal, it is possible to choose a silicon oxide stiffener and this stiffener is removed from it in a 
hydrofluoric-acid bath after the 3rd heat treatment phase of a process. 

[0024] As a feature of this invention method, selection of working temperature in the 2nd step and the 3rd step must suit 
the following requirements. In order to install a stiffener on a wafer, don't apply temperature which may make the 3 rd- 
step processing start. For this reason, if based on this invention, it is required at a temperature lower than temperature of 
the 3rd-step heat treatment to carry out the 2nd step of a process. By this invention, this heat treatment must be carried 
out at temperature which a crystal rearrangement and condensation of air bubbles produce effectively. For example, 
temperature which exceeds about 500 degrees C for a crystal rearrangement and condensation of air bubbles to arise in 
suitable dynamics in the case of silicon is required. 

[0025] In enforcing this invention method, ion used for impregnation by bombardment is usually H+ ion, but it should 
not be considered that this selection is restrictive. Therefore, it is used for it for ion of rare gas like a molecule hydrogen 
ion or helium, neon, a krypton, and a xenon, a principle of this method being independent or combining, and may be 
applied. In order to apply this invention method industrially, IV group semiconductor is desirable, for example, an 
activity of a silicon, germanium, carbonization silicon, and silicon-germanium alloy is possible. 
[0026] 

[Example] With reference to an accompanying drawing, the nonrestrictive example of this invention is further explained 
to details. 

[0027] The example to be explained with reference to an accompanying drawing from now on is related with 
manufacture of the thin film within the nature silicon wafer of a single crystal by H+ ion implantation. 
[0028] If H+ ion (proton) is poured into the nature silicon wafer of a single crystal with which the front face is 
equivalent to the main crystal face, for example, (1, 0, 0), a field, by 150keV(s), when there is little impregnation dosage 
(<1016cm-2), the hydrogen concentration profile C to depth P which has the maximum concentration in the depth Rp as 
shown in drawing 1 will be obtained. In proton impregnation into silicon, Rp is about 1.25 micrometers. 
[0029] In the dosage of abbreviation 1016cm-2, an impregnation hydrogen atom begins to form air bubbles, and these 
air bubbles are distributed near the field parallel to a front face. The surface field is the same also about the minute air- 
bubbles side which is equivalent to the main crystal faces, and turns into a cleavage plane as a result. 
[0030] It is possible to make fusion in the air bubbles which carry out cleavage of the silicon to two portions, the upper 
part film (thin film) whose thickness is 1.2 micrometers, and the back of a substrate start with heating in the 
impregnation dosage exceeding 1016cm-2 (for example, 5.1016cm-2). 

[0031] Hydrogen impregnation is an advantageous example. It is because the braking process of the ion in the inside of 
silicon is ionization (electronic braking) as a matter of fact. Nuclear mold braking by atomic migration is produced only 
at the last of range. So, in the surface layer of silicon, only very few defects arise and a rear spring supporter and air 
bubbles are concentrated on the limited thickness near the depth Rp (depth of the maximum concentration). This 
becomes possible [ obtaining the front face where relative roughness was limited ] after the required effectiveness of a 
method, and separation of a surface layer with proper impregnation dosage (5.1016cm-2). 
[0032] If this invention method is used, it will become possible by choosing impregnation energy to choose the 
thickness of a thin film by large thickness within the limits. This property is much more important, because the atomic 
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number z of impregnation ion is small For example, the following tables show the thickness of the film which may be 

obtained to the impregnation energy from which H+ ion (z= 1) differs. 

[0033] 

Energy [ of H+ ion ] (keV) 4.7 13.5 drawin g 2 showed the semiconductor wafer 1 covered with the enclosure layer 10 
by arbitration, and this layer has received the ion bombardment 2 of H+ ion which lets the flat surface 4 parallel to the 
main crystal faces pass. 10 50 100 150 200 500 Thickness of 1000 films (micrometer) 0.1 0.5 0.9 1.2 1.6 The minute 
air-bubbles layer 3 can be accepted in parallel in a field 4. The layer 3 and the field 4 limit the thin film 5. Other 
portions of the semiconductor substrate 6 constitute the bulk of a substrate. 

[0034] Drawing 3 shows the field 4 of a semiconductor wafer 1, and the stiffener 7 to which it was stuck. In the 
advantageous example of this invention, the ion implantation to a material is performed through the high-temperature- 
oxidation silicon enclosure layer 10, and the stiffener 7 consists of a silicon wafer covered with at least one dielectric 
layer. 

[0035] Since a stiffener is fixed to a semiconductor material, electrostatic stress is being used for other examples. The 
silicon stiffener which has the silicon oxide layer of 5000A thickness in this case is chosen. The flat surface of a wafer is 
contacted to the oxide of a stiffener, and the dozens of volts potential difference is applied between a wafer and a 
stiffener. The pressure obtained here is several 105-106 pascals. 

[0036] Dra wing 4 shows the film 5 which was isolated by space 8 from the bulk of a substrate 6 and which was 
combined with the stiffener 7. 

[0037] Refer to the following data for this description. 

[0038] (l)SIMOX SOI for Integrated CircuitFabrication by Hon Wai Lam, IEEE Circuits and Devices Magazine, July 
1987. 

(2) Silicon on Insulator Wafer Bonding, Wafer Thinning, Technological Evaluations by Haisma, Spielings, Biermann et 
Pals, Japanese Journal of Applied Physics, vol.28,no.8,August 1989. 

(3) Bonding of silicon wafers for silicon on insulator by Maszara,Goetz,Caviglia and McKitterick, Journal ofApplied 
Physic 64(10)15 November 1988. 

(4) Zone melting recrystallization silicon on insulator technology by BorYeu Tsaur, IEEE Circuits and Devices 
Magazine, July 1987. 

(5) 1986 IEEE SOS/SOI Technology Workshop, September 30-October 2, 1986,South Seas plantation resort and yacht 
Harbour, Captiva Island, Florida. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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